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Introduction
After widespread oral health education and in-
creased use of fluoride mouth rinses among the 
younger population, the incidence of tooth decay 
in children in Taiwan decreased.1 However, this drop 
still lags behind targets set by the World Health 
Organization. It is known that poor oral health can 
lead to severe tooth decay and early loss of teeth, 
which can then lead to crowded teeth and maloc-
clusion. A previous study2 showed that if children 
have good mastication ability, food is more easily 
digested. Nutrition is important to the growth and 
development of children, and digestion affects nu-
trition. People will choose soft food if they cannot 
chew effectively, eventually causing malnutrition 
and insufficient fiber, mineral and vitamin intake. 
One study3 showed that 56% of such patients have 
digestive problems. Masticating malfunction can also 
lead to other diseases caused by malnutrition.4
Investigators5,6 have suggested that maximum 
bite force is affected by the masticatory system, 
and it is generally accepted that a better mastica-
tory system results in a stronger bite force. Oral 
status can affect mastication. Severely decayed 
and missing teeth are detrimental to mastication 
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and weaken the function of masticatory muscles. 
Until now, there have been few studies investigating 
bite force in preschool children. The aim of this study 
was to investigate relationships between maximum 
bite force and variables including tooth decay, miss-
ing teeth, tooth fillings, occlusal pattern, number of 
maxillary posterior teeth in contact, and maximum 
mouth opening in preschool children.
Materials and methods
In total, 201 preschool children aged 4−6 years were 
selected. Oral examinations were performed ac-
cording to the principles and methods indicated by 
the World Health Organization. Dentists and inves-
tigators from the Oral Health Science Research 
Institute, Kaohsiung Medical University, Kaohsiung, 
were trained to examine the children. An oral ex-
amination and measurement of bite force were 
carried out and recorded. Data collected included 
the oral check-up and bite force records, and are 
described as follows:
1. General information included sex, age, body 
height, and weight.
2. Oral status included tooth decay, tooth fillings, 
missing teeth, occlusal pattern, vertical occlusal 
relationships, maximum mouth opening, and the 
number of maxillary posterior teeth in contact.
For the occlusal pattern, three classes were 
defined based on occlusal anterior−posterior re-
lationships: (1) in class A, the terminal plane of 
the second primary molar is flush with the upper 
and lower distal margin surfaces; (2) in class B, 
the distal occlusion of the second primary molar 
with the lower second primary molar is situated 
in the posterior position, and there is a distal 
step for the distal part of the second primary 
molar with a large overjet; and (3) in class C, the 
mesial occlusion of the lower second primary 
molar and lower second primary molars is in the 
anterior position. There is also a mesial step of 
the lower second primary molar with an edge-to-
edge or reversed bite incisor relationship.
Three types of overbite were classified for 
the vertical occlusal relationship, according to 
the upper and lower incisors’ occlusion: normal, 
deep, and open. A normal bite is defined as the 
vertical overlap not extending beyond half of the 
clinical crown length of the lower incisor during 
biting. A deep bite is defined as the vertical 
overlap of the anterior teeth extending beyond 
more than half of the clinical crown of the lower 
incisor during biting. An open bite is defined as 
there being no vertical overlap or there being 
a gap between the upper and lower incisors 
during biting.
Maximum mouth opening is the vertical dis-
tance between the upper and lower central in-
cisors when the mouth is open as wide as 
possible. If there was no central incisor, then 
the lateral incisor was used for the calculation.
The primary and first permanent molars on 
both sides were used for measurement of the 
number of maxillary posterior teeth in contact. 
Articulating paper (0.0024 inches; Bausch, 
Pulpdent, Watertown, MA, USA) was used to 
measure the number of upper and lower molars 
in contact. An upper and lower molar in contact 
were defined as one pair, with a maximum of 
six pairs.
3. Bite force was assessed using the bite force 
MPM-3000 machine (SCAIME, Annemasse, France) 
to measure the maximum bite force of the pri-
mary molars on the left and right sides. There 
was a 10-second break between the two mea-
surements. The maximum value measured was 
defined as the maximum bite force.
A database was designed using Microsoft Access, 
and data were analyzed with JMP 5.01 statistical 
software (SAS Institute, Cary, NC, USA). Numerical 
variables of body height, body weight, maximum 
mouth opening, tooth decay, tooth fillings, missing 
teeth, and maximum bite force measurements on 
the left and right sides were described, and the mean 
and standard deviation were recorded. Categorical 
variables were described and analyzed by proportion. 
Comparison between numerical variables was per-
formed using the paired t test. Differ ences at the 
5% level of probability were considered statistically 
significant. ANOVA was used to analyze the rela-
tionships between age and body height and weight, 
and bite force. Multiple regression was used to an-
alyze relationships between the bite force and all 
variables including sex, height, weight, tooth decay, 
tooth fillings, missing teeth, number of maxillary 
posterior teeth in contact, occlusal pattern, and 
maximum mouth opening.
Results
In total, 201 preschool children with an average age 
of 5.2 years were selected from two kindergartens 
in Kaohsiung County. General information about 
the children is listed in Table 1. The average height 
of these children was 109.65 ± 6.19 cm (Table 2). 
The average height of boys was 110.50 ± 5.76 cm 
and that of girls was 109.02 ± 6.44 cm. There was 
no statistically significant difference in height be-
tween sexes. The average weights of boys and girls 
were 19.73 ± 3.31 kg and 18.77 ± 3.41 kg, respectively, 
and this difference was statistically significant. 
There were also significant differences in height 
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and weight of children aged 4, 5 and 6 years. 
Further analysis showed that 6-year-olds had an 
obvious height difference from children aged 4 and 
5 years. Weight followed the same trend.
In terms of the maximum mouth opening (Table 
2), the average opening distance was 3.54 ± 0.48 cm. 
The average mouth opening distance of boys (3.61 ± 
0.51 cm) was greater than that of girls (3.48 ± 
0.45 cm), but this difference was not statistically 
significant. There was also no significant differ-
ence between different age groups (children aged 
4, 5 and 6 years had average opening distances of 
3.51 ± 0.44 cm, 3.58 ± 0.51 cm and 3.41 ± 0.51 cm, 
respectively; P = 0.2812). The average bite force 
on the left side was 4.16 ± 3.63 kg, and on the right 
side 4.47 ± 4.11 kg (Tables 2 and 3). The average 
maximum bite force was 5.69 ± 4.19 kg. Although 
the maximum bite force of boys was larger than that 
of girls, the difference was not statistically signifi-
cant. There was also no significant difference be-
tween the bite force on the left and right sides of 
either boys or girls (Table 4).
Comparing the maximum bite force of preschool 
children by age (Table 3), no statistically significant 
differences among 4-, 5- and 6-year-olds were re-
vealed. There was also no significant difference in 
the average left-side bite force. However, the aver-
age right-side bite force significantly differed with 
age (3.48 ± 3.39 kg, 5.03 ± 4.36 kg and 6.26 ± 4.93 kg, 
respectively, for 4-, 5- and 6-year-olds; P = 0.0056). 
Further analysis showed that 4-year-old children 
had an average bite force on the right side that 
significantly differed from those of 5- and 6-year-
old children.
When comparing different occlusal patterns, 
vertical occlusal relationships and the number of max-
illary posterior teeth in contact with the bite force 
(Table 5), no difference was found in the bite force 
attributable to any of these conditions. With respect 
to overall tooth condition (Table 6), the average 
number of decayed teeth in preschool children aged 
4−6 years was 3.93 ± 3.81 (4.06 ± 3.75 for boys and 
3.83 ± 3.87 for girls). The average caries index was 
4.79 ± 4.09 (4.87 ± 4.03 for boys and 4.72 ± 4.15 for 
girls). There were no notable differences in sex or 
age with respect to tooth decay, missing teeth, tooth 
fillings, the caries index, caries filling rate or caries 
prevalence rate.
The regression analysis showed relationships of 
different variables with the maximum bite force 
and bite force on both sides (Table 7). Related ana-
lyses and a collinearity analysis demonstrated that 
the condition index was < 30 (13.79), which implies 
that there was no collinearity problem with the 
data. The one variable that positively affected the 
maximum bite force was age, as 6-year-olds had a 
Table 1. Sex, age, occlusal patterns, vertical occlusal 
relationships, and the number of maxillary posterior 
teeth in contact of study participants (n = 201)
Variable n (%)
Sex
 Male 86 (42.79)
 Female 115 (57.21)
Age (yr)
 4 87 (43.28)
 5 96 (47.76)
 6 18 (8.96)
Occlusal pattern
 Class A 179 (89.05)
 Class B 10 (4.98)
 Class C 12 (5.97)
Vertical occlusal relationship
 Normal 176 (87.56)
 Open bite 4 (1.99)
 Deep bite 21 (10.45)
Number of maxillary posterior 
teeth in contact
 0−2 36 (17.91)
 3 11 (5.47)
 4 150 (74.63)
 5 or 6 4 (1.99)
Table 2. Comparison of body height, body weight, maximum bite force (MBF) on the left side, MBF on the right 
side, MBF and maximum mouth opening between boys and girls*
Variable All (n = 201) Boys (n = 86) Girls (n = 115) P
Body height (cm) 109.65 ± 6.19 110.50 ± 5.76 109.02 ± 6.44 0.0929
Body weight (kg) 19.18 ± 3.39 19.73 ± 3.31 18.77 ± 3.41 0.0462
MBF on the left side (kg) 4.16 ± 3.63 4.69 ± 3.92 3.77 ± 3.35 0.0739
MBF on the right side (kg) 4.47 ± 4.11 4.54 ± 4.30 4.42 ± 3.98 0.8341
MBF (kg) 5.69 ± 4.19 6.12 ± 4.38 5.37 ± 4.02 0.2093
Maximum mouth opening (cm) 3.54 ± 0.48 3.61 ± 0.51 3.48 ± 0.45 0.0568
*Data are presented as mean ± standard deviation.
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Table 3. Comparison of body height, body weight, maximum bite force (MBF) on the left side, MBF on the right 
side, MBF and maximum mouth opening among children at different ages*
Age (years)
 Body height Body weight MBF on the MBF on the MBF Maximum mouth
 (cm) (kg) left side (kg) right side (kg) (kg) opening (cm)
All (n = 201) 109.65 ± 6.19 19.18 ± 3.39 4.16 ± 3.63 4.47 ± 4.11 5.69 ± 4.19 3.54 ± 0.48
4 (n = 87) 105.48 ± 4.53 17.53 ± 2.69 3.96 ± 3.51 3.48 ± 3.39 5.00 ± 3.89 3.51 ± 0.44
5 (n = 96) 112.25 ± 5.10 20.18 ± 3.18 4.29 ± 3.63 5.03 ± 4.36 6.07 ± 4.24 3.58 ± 0.51
6 (n = 18) 115.97 ± 5.63 21.83 ± 3.93 4.48 ± 4.29 6.26 ± 4.93 7.06 ± 5.30 3.41 ± 0.51
P†   < 0.0001  < 0.0001 0.7728 0.0056 0.0796 0.2812
Significant pairs‡ 6 > 5 years 6 > 4 years  6 > 4 years
 6 > 4 years 5 > 4 years  5 > 4 years
 5 > 4 years
*Data are presented as mean ± standard deviation; †ANOVA; ‡Tukey pairwise comparisons.
Table 4. Comparison of the maximum bite force (MBF) on the left side with that on the right side for different 
sexes and ages*
Variable MBF on the right side (kg) MBF on the left side (kg) P
Sex
 All (n = 201) 4.47 ± 4.11 4.16 ± 3.63 0.2757
 Male (n = 86) 4.54 ± 4.30 4.69 ± 3.92 0.7459
 Female (n = 115) 4.42 ± 3.98 3.77 ± 3.35 0.0697
P 0.8341 0.0739
Age (yr)
 4 (n = 87) 3.48 ± 3.39 3.96 ± 3.51 0.2420
 5 (n = 96) 5.03 ± 4.36 4.29 ± 3.63 0.0573
 6 (n = 18) 6.26 ± 4.93 4.48 ± 4.29 0.1923
P 0.0056 0.7728
*Data are presented as mean ± standard deviation.
Table 5. Comparison of the maximum bite force (MBF) on the left side, MBF on the right side and MBF, with occlusal 
patterns, vertical occlusal relationships and the number of maxillary posterior teeth in contact (MPTC)*
Variable MBF (kg) MBF on the right side (kg) MBF on the left side (kg)
All (n = 201) 5.69 ± 4.19 4.47 ± 4.11 4.16 ± 3.63
Occlusal pattern
 Class A (n = 179) 5.82 ± 4.18 4.59 ± 4.13 4.27 ± 3.67
 Class B (n = 10) 3.21 ± 2.59 2.28 ± 2.24 2.27 ± 2.18
 Class C (n = 12) 5.87 ± 4.94 4.50 ± 4.77 4.15 ± 3.79
P 0.1580  0.2243 0.2376
Vertical occlusal relationship
 Normal (n = 176) 5.82 ± 4.29 4.59 ± 4.20 4.21 ± 3.70
 Open bite (n = 4) 7.22 ± 1.63 4.70 ± 3.90 6.79 ± 1.44
 Deep bite (n = 21) 4.35 ± 3.36 3.40 ± 3.35 3.25 ± 3.00
P 0.3915 0.4497 0.1784
MPTC
 0−2 (n = 36) 4.24 ± 3.83 3.14 ± 3.27 3.02 ± 3.56
 3 (n = 11) 5.90 ± 3.47 4.37 ± 2.59 4.73 ± 3.90
 4 (n = 150) 6.05 ± 4.28 4.78 ± 4.35 4.46 ± 3.61
 5 or 6 (n = 4) 4.98 ± 3.56 4.91 ± 3.65 1.65 ± 0.38
P 0.1364 0.1976 0.0794
*Data are presented as mean ± standard deviation.
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significantly stronger bite force than 4-year-olds. 
Variables that significantly affected the bite force 
on the right side included age (6 years vs. 4 and 5 
years vs. 4 years), maximum mouth opening, and 
four versus zero, one or two maxillary posterior 
teeth in contact. However, no variable was found 
to have a substantial relationship with the bite 
force on the left side.
Discussion
Male and female preschool children aged 4−6 years 
showed significant differences in both height and 
weight (Table 3). This shows that growth develop-
ment is notable even at this early age. This differ-
ence was even more obvious among the different 
age groups. The peak of growth development may 
lie somewhere between 4 and 5 years old.
Although class A and C children had higher aver-
age bite forces on both sides and a higher maximum 
bite force than class B children, the differences were 
not statistically significant. This indicates that there 
might not be a strong relationship between differ-
ent occlusal patterns and bite force. These results 
are similar to the conclusions drawn by Ahlgren,7 
Ahlgren et al.,8 and Kiliaridis et al.9 With respect 
to the vertical occlusal relationship, the bite force 
Table 6. Comparison of the numbers of decayed, missing and filled teeth, caries index, caries filling rate, and caries 
prevalence rate of the different sexes and ages*
Variable
 No. of decayed No. of missing No. of filled Caries index Caries filling  Caries prevalence 
 teeth (d) teeth (e) teeth (f) (deft) rate (%) rate, n (%)
Sex
 All (n = 201) 3.93 ± 3.81 0.16 ± 0.64 0.70 ± 1.51 4.79 ± 4.09 16.79 ± 29.92 144 (71.64)
 Male (n = 86) 4.06 ± 3.75 0.17 ± 0.65 0.64 ± 1.47 4.87 ± 4.03 14.46 ± 28.00  63 (73.26)
 Female (n = 115) 3.83 ± 3.87 0.15 ± 0.64 0.74 ± 1.55 4.72 ± 4.15 18.57 ± 31.35  81 (70.43)
P 0.6821 0.7728 0.6449 0.7972  0.3990  0.6606
Age (yr)
 4 (n = 87) 3.77 ± 3.88 0.18 ± 0.77 0.45 ± 0.96 4.40 ± 3.98 15.14 ± 30.49  60 (68.97)
 5 (n = 96) 4.15 ± 3.85 0.13 ± 0.49 0.86 ± 1.84 5.14 ± 4.27 16.16 ± 27.84  71 (73.96)
 6 (n = 18) 3.56 ± 3.42 0.22 ± 0.73 1.00 ± 1.61 4.78 ± 3.62 27.23 ± 36.87  13 (72.22)
P 0.7300  0.7533  0.1185  0.4826 0.3592 0.7545
*Data are presented as mean ± standard deviation.
Table 7. Regression coefficient (β), P value and confidence interval (CI) between the growth and oral status 
variables with the maximum bite force (MBF), MBF on the right side, and MBF on the left side*
Variable
 MBF MBF on the right side MBF on the left side
 β CI β CI β CI
Sex 0.79 (−0.38, 2.00) 0.06 (−1.13, 1.24) 0.94 (−0.13, 2.01)
Age (6 vs. 4 years) 3.61‡  (1.02, 6.20) 3.87‡  (1.34, 6.39) 1.73 (−0.54, 4.01)
Age (5 vs. 4 years) 1.42 (−0.11, 2.93) 1.64†  (0.15, 3.12) 0.58 (−0.76, 1.92)
Body weight 0.16 (−0.11, 0.42) 0.17 (−0.09, 0.43) 0.14 (−0.09, 0.38)
Body height −0.13 (−0.29, 0.04) −0.11 (−0.26, 0.05) −0.10 (−0.24, 0.04)
Tooth decay 0.03 (−0.13, 0.50) 0.07 (−0.09, 0.23) 0.03 (−0.12, 0.17)
Tooth missing −0.76 (−1.68, 0.17) −0.57 (−1.47, 0.33) −0.69 (−1.51, 0.12)
Tooth filling −0.19 (−0.58, 0.19) −0.25 (−0.62, 0.13) −0.06 (−0.40, 0.28)
Occlpatt (class A vs. class B) 0.67 (−1.84, 3.18) 0.27 (−2.18, 2.71) 0.08 (−2.12, 2.28)
Occlpatt (class C vs. class B) 0.13 (−3.32, 3.59) −0.37 (−3.74, 3.00) −0.37 (−3.41, 2.67)
VOR (normal vs. deep bite) 1.03 (−1.00, 3.05) 0.66 (−1.31, 2.63) 1.10 (−0.68, 2.87)
VOR (open bite vs. deep bite) 1.73 (−2.83, 6.28) 0.21 (−4.23, 4.64) 2.89 (−1.11, 6.88)
Maximum mouth opening 0.95 (−0.30, 2.20) 1.32†  (0.10, 2.53) −0.11 (−1.20, 0.99)
MPTC (3 vs. 0, 1 or 2) 1.19 (−1.72, 4.09) 0.96 (−1.87, 2.71) 1.32 (−1.23, 3.87)
MPTC (4 vs. 0, 1 or 2) 1.63 (−0.07, 3.33) 1.71†  (0.06, 3.36) 1.32 (−0.17, 2.81)
MPTC (5 or 6 vs. 0, 1 or 2) −1.22 (−5.81, 3.38) −0.61 (−5.08, 3.86) −2.37 (−6.41, 1.66)
*Condition index = 13.79 (< 30). †P < 0.05; ‡P < 0.01. Occlpatt = occlusal pattern; VOR = vertical occlusal relationship; MPTC = number 
of maxillary posterior teeth in contact.
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on both sides and the maximum bite force were 
highest in open-bite individuals and lowest in deep-
bite individuals. These findings differ from those of 
a study by Sassouni10 in adults and a study by van 
Spronsen et al.11 in children. It was postulated that 
since the children selected in this study were 
younger than those from previous published stud-
ies, their ability to control their masticatory mus-
cles might not be fully developed. It should be noted 
that there were only four children in the open-bite 
group, causing other factors to deeply affect the 
final result.
To study the number of maxillary posterior teeth 
in contact, the number of tooth contacts was di-
vided into four groups for measurement. Although 
there were no significant differences in the bite 
force on the left and right sides or in the maximum 
bite force in these four groups, a higher number of 
maxillary posterior teeth in contact was associated 
with a stronger bite force. This finding is similar to 
the results of a study by Ingervall and Minder12 of 
children aged 7−16 years.
There was no significant effect of age or sex on 
maximum mouth opening. This result differs from 
that of a study by Sun13 using children aged 9−12 
years. This can be explained by the fact that the 
jawbone and masticating muscles of preschool 
children are still in early development. However, a 
regression analysis and stepwise analysis both 
showed that maximum mouth opening had positive 
relationships with bite force on the right side and 
maximum bite force. This suggests that the larger 
the mouth opening, the stronger the maximum bite 
force is. Fields et al.14 previously reported such a 
relationship in adults.
In comparing the left and right bite forces of 
both sexes and at different ages, we found the 
average bite force on the left and right sides to 
be 4.2−4.5 kg with no significant differences. The 
average maximum bite force was 5.7 kg. We mea-
sured the bite force of both the left and right sides 
and chose the higher value as the maximum bite 
force in order to increase the accuracy of the mea-
surement. Results demonstrated that sex did not 
result in significant differences in bite force on the 
left and right sides or on maximum bite force. Shiau 
and Wang15 previously found that the maximum bite 
force of male children aged 7−20 years was 31.6 kg, 
whereas that of females averaged 22.4 kg. Chen16 
found the maximum bite force of male children aged 
6−13 years to be 20.51 kg and that of females to be 
14.77 kg. Sun13 studied children ranging 9−12 years 
old and found a significant difference between the 
maximum bite force of male and female children. 
However, Kiliaridis et al.9 found no difference in 
the maximum bite force between male and female 
children aged 7−9 years. Ingervall and Minder12 
showed that there was a positive relationship be-
tween bite force and age in female children after 
eliminating factors of the collinearity problem. 
Our study found that an increase in bite force was 
related to an increase in age from 4−6 years in pre-
school children. Although no significant differences 
were observed in the left side and maximum bite 
forces, there were major differences in the bite 
force on the right side. Bite force on the right side 
of children aged 5 and 6 years was significantly 
larger than that of children aged 4 years. Most 
studies previously examined children aged ≥ 6 years 
and made only limited comparisons, while our re-
sults showed that the bite forces of children aged 
4−6 years significantly differed.
The average number of decayed teeth in the 
children studied was 3.93, and the average caries 
prevalence rate was 71.64%. Both the average 
number of decayed teeth and the prevalence rate 
were higher in boys than girls, and the number of 
decayed teeth increased with age. In addition, the 
number of tooth fillings and the caries filling rate 
also increased with age. This suggests that the 
tooth decay rate is still high, and that caries filling 
therapy should increase with age.
A regression analysis was used to examine the 
relationship of left and right side bite forces and 
maximum bite forces with variables including age, 
sex, height, weight, tooth decay, missing teeth, 
tooth fillings, occlusal pattern, vertical occlusal re-
lationship, maximum mouth opening, and number 
of maxillary posterior teeth in contact. Only the 
maximum bite force and bite force on the right side 
had a significant relationship with age (using the 
4-year-old group as the control), maximum mouth 
opening, and four versus zero, one or two maxillary 
posterior teeth in contact. However no significant 
relationship was found between the left side bite 
force and any other variables. It was postulated that 
this might have been due to the habit of chewing 
on one side.
Several studies12,13,15,16 have shown that there 
is a significant difference in bite force between 
boys and girls, in which the bite force of males is 
considerably stronger than that of females. How-
ever, some investigators did not find such a differ-
ence.9,17−19 Helle et al.,18 Linderholm et al.20 and 
Ranta et al.21 suggested that bite force is positively 
related to growth factors such as age, body height, 
and body weight. Shiau and Wang15 found that 
growth development affects hand grasp force more 
than bite force. Here, apart from the difference in 
the bite force on the right side due to age, there 
were no significant differences in bite force with 
sex, body height or body weight. Kampe et al.22 
compared the bite force of filled and normal teeth 
in teenagers aged 16−18 years and found that there 
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was no difference between them. In a study of 390 
children aged 6−13 years, Chen16 found that the bite 
force was negatively related to the caries index. 
Sun13 found that among male children aged 9−12 
years, bite force was positively related to the total 
number of teeth, and that among both male and 
female children, maximum mouth opening was pos-
itively related to bite force. Ingervall and Minder12 
found that the number of maxillary posterior teeth 
in contact was positively related to bite force in 
children aged 7−16 years. In particular, the molars 
had a stronger relationship with bite force than con-
tact of other teeth. We found positive relation-
ships between maximum mouth opening and the 
number of molar teeth in contact (4 vs. 0, 1 or 2) 
with bite force.
There were significant differences in body height 
among the different age groups (age 6 years > 5 
and 4 years, age 5 years > 4 years), and also found 
a significant difference in weight between the 
4-year-olds and both older age groups. Given the 
rate of growth and development among preschool 
children, such differences are expected. However, 
sex, height or weight did not have a significant re-
lationship with maximum bite force. Also, there was 
no significant difference in the bite force on the 
left or right side for any group. The bite forces on 
the right side of 5- and 6-year-old children were 
greater than that of 4-year-olds.
Interestingly, there were no significant associa-
tions of tooth decay, tooth fillings, occlusal patterns 
or vertical occlusal relationship with bite force. 
Missing teeth negatively affected bite force on the 
left side. It also showed that maximum mouth open-
ing was positively related to both the bite force on 
the right side and the maximum bite force. In ad-
dition, four versus zero, one or two maxillary pos-
terior teeth in contact was also positively related 
to the right side and maximum bite forces.
It is difficult to accurately measure the bite 
force of preschool children. Preschool children do 
not have fully developed motor control ability; 
therefore, measuring bite force can be affected by 
environmental and psychologic factors. This means 
that guidance is necessary to ensure the consistency 
of the tests.
With regards to oral status, bite force was posi-
tively related to the number of maxillary posterior 
teeth in contact and negatively related to missing 
teeth. This suggests that teeth are crucial for proper 
mastication. In addition, maximum mouth opening 
is related to the temporomandibular joint and 
masticating muscles. Overall tooth decay was not 
related to the strength of bite force. This suggests 
that the severity of tooth decay may be more im-
portant than the number of teeth exhibiting decay, 
and the number of decayed tooth surfaces should 
replace the number of decayed teeth in future 
studies.
Conclusion
1. There were significant differences among 4-, 5- 
and 6-year-old preschool children in body height 
(6 > 5 years, 6 > 4 years, and 5 > 4 years) and 
body weight (6 > 4 years and 5 > 4 years).
2. No difference in maximum bite forces was 
found between the right and left sides. When 
comparing the maximum bite forces among dif-
ferent ages, maximum bite force values of 6- 
and 5-year-old children were significantly greater 
than those of 4-year-old children.
3. Oral status variables such as the number of max-
illary posterior teeth in contact and maximum 
mouth opening showed significant positive cor-
relations with bite force.
4. Results showed that missing teeth were nega-
tively related to the maximum bite force.
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